Objectives.-To describe physiological attributes (height, weight, sex, resting heart rate, etc) of climbers attempting to summit Mt Everest and to investigate differences between successful and unsuccessful summiteers.
Introduction
Many factors affect performance of mountaineers at altitude, including underlying medical conditions, genetics, diet, acclimatization schedule, psychological factors, weather, training, oxygen use, mountaineering experience, and expedition support. In 2003, 264 climbers summited Mt Everest (8848 m), setting a new record for most summits from all routes combined in 1 year, a record that was broken yet again in 2004 with 330 successful summits. Multiple factors doubtlessly interact to influence success, and these may include (but are not necessarily limited to) factors such as weight (muscle mass) lost, medication used, previous high-altitude climbing experience, or weight carried on the summit attempt. This study queried 113 climbers attempting to summit Mt Everest to identify variables predicting likelihood of success vs failure. The study also documents and quantifies health problems encountered by climbers, data that are likely to prove useful to future expedition planning.
Methods
The study was conducted at Everest Base Camp, Nepal (5350 m). All English speaking climbers present at Everest Base Camp during the spring 2003 season were asked to participate in a 2-step questionnaire comprised of 1 pre-summit-attempt survey conducted by staff and 1 post-summit-attempt questionnaire completed by the climber and returned by email. The presummit survey contained background information such as past climbing experience and past medical history. The postsummit survey contained questions about expedition and medical history (including postexpedition weight) during summit attempts. Climbers who did not speak English were excluded from the study, as were climbers who were attempting anything other than Mt Everest's South Col route.
Each climber completed a presummit questionnaire as well as measurement of weight on a portable scale, heart rate via pulse measurement, and pulse oximetry via a portable pulse oximeter. In June 2003, all 113 climbers received the secondary questionnaire via e-mail. If there was no response, the secondary questionnaire was sent twice more in a 3-month period. A total of 38 climbers returned the secondary questionnaire.
Although In evaluating the collected data, statistical significance was established at p Ͻ 0.05.
Results
One-hundred thirteen climbers completed the initial interview, and 38 returned the secondary survey.
CHARACTERISTICS OF CLIMBERS BEFORE SUMMIT ATTEMPT
Ninety-three percent of the climbers surveyed were male. The average height, weight, and age of Englishspeaking Everest climbers were 164 cm, 57 kg, and 36 years (female) and 178 cm, 76 kg, and 40 years (male). At Everest Base Camp (5350 m) before the summit attempt, the average heart rate among climbers was 82 and the average oxygen saturation was 84% (see Table 1 ).
Eighty-seven percent of climbers took prescription or over-the-counter medications at some time before the summit attempt. The most common medications used were aspirin (25%), acetazolamide (24%), ciprofloxacin (13%), and azithromycin (5%). The most common medical conditions reported during the trek to Everest Base Camp were diarrhea (30%), chronic cough (24%), upper respiratory infection/common cold (20%), and fever (18%) (see Table 2 ). 
FOLLOW-UP OF CLIMBERS AFTER SUMMIT ATTEMPT: SUCCESS VS FAILURE
Because only one third of the original participants returned the follow-up questionnaire, a comparison of the 2 groups (follow-ups vs non-follow-ups) was performed, with the results shown in Table 1 . The conclusion of this analysis was that the 2 groups are comparable in both physical and experience-related statistics; however, they differ in geographical location, with more North Americans and fewer Europeans following up. This conclusion was based on the observation that the average values of variables in each group (age, height, previous 8000-m mountains attempted) fell within the standard deviation of the original sample, and therefore was not significantly different. Most climbers reported some illness during their summit bid. The most common afflictions were cough (19/ 38), diarrhea (14/38), and nausea/vomiting (7/38). Seventy-five percent of the climbers who attempted to summit Mt Everest took prescription or over-the-counter medications at some point during their summit attempt. Aspirin was the most commonly used drug during the summit attempt (25%).
Seventeen of the 38 climbers who returned the postattempt survey were successful summiteers. Physical, geographic, and experience-related statistics of both successful and unsuccessful summiteers are shown in Table  3 . Many of the demographic and medical variables measured showed no correlation with success or failure. Table 3 shows some correlations of interest between many of the measured variables, and the success vs failure of the subjects. It is immediately obvious that successful summiteers are more likely to use oxygen (94% vs 58%, t ϭ 3.68). On the other hand, unsuccessful summiteers are more likely to have a previous history of acute mountain sickness (AMS) (67% vs 35%, t ϭ 1.97). Several other variables also appear strongly correlated, although the small sample size prevents significant inference. These variables include height; current pulmonary, gastrointestinal, orthopedic, or altitude illness; taking over-the-counter or alternative medicines; gender; being from North America or South America; a previous 8000-m summit attempt; a previous 8000-m summit success; a history of high-altitude pulmonary edema; and a history of frostbite.
All of the above ''promising'' variables were regressed in a multivariate logistic regression to measure their joint correlation with success (See Table 4 ). The results mirror the findings described above. Therefore, each of the significant differences we observed appears to operate even when the other ''effects'' are statistically controlled for.
Discussion
These data provide an interesting summary of characteristics of climbers attempting the summit of Mt Everest in 2003. In addition, we found several significant and strong correlates of success.
The use of supplemental oxygen was found to be strongly correlated with success in summiting Mt Everest. It has been common practice since the first ascent of Mt Everest to use supplemental oxygen because of the extreme altitude of the mountain. Although using supplemental oxygen involves carrying a heavier weight, its benefits include an increase in physical strength and stamina, as well as mental clarity, better decision-making, and a more positive attitude. Although climbers are well aware of all of these factors, some may choose to climb without oxygen to test their physical and mental endurance. Among our subjects, 94% who summited used oxygen, whereas only 48% of those who failed to summit used oxygen. A history of AMS is strongly correlated with failure in summiting Mt Everest. This suggests that some individuals may be more susceptible to developing AMS. This addresses a controversial issue in the world of highaltitude medicine: whether some people are more susceptible to high-altitude illnesses. It is interesting to note that there was no significant difference in the complaints of current (ie, on this particular expedition) AMS among summiteers and nonsummiteers. Whether our correlation is because of an actual physiologic tendency toward AMS that causes decreased physical conditioning, or whether the fear of redeveloping AMS in a person causes the person to perform at a lower level, remains to be seen.
Perhaps our most interesting finding is the strong correlation of the existence of gastrointestinal illness such as vomiting and diarrhea with a successful summit of Mt Everest. However, this correlation was not quite strong enough to be significant (t ϭ 1.91; statistical significance requires t ϭ 1.96) and therefore could be because of the small sample size of the study. Further study looking at this particular variable should illuminate whether a correlation exists.
OTHER FINDINGS OF NOTE
Several interesting findings in the data, although not predictive of success or failure, are worth mentioning.
A histogram of previous altitude ever attained ( Figure  1) shows a distinct peak at about 7000 m. This is likely because of the influence of Mt Aconcagua in South America, a popular training ground for would-be Mt Everest summiteers. Although highest previous altitude ever attained initially appears to be a good measure of a climber's experience, the natural paucity of high-altitude peaks and the strong bias of climbers summiting Mt Aconcagua means that it is not possible, with our data, to determine depth of experience. Many of the climbers in this study may have climbed only once at high altitude, with very little other experience.
A histogram of postacclimatization presummit altitude (''rest'' altitude) is shown in Figure 2 . This is the lowest altitude that a climber descends to after weeks of acclimatization, just before his or her final summit bid. Much controversy exists about what altitude a climber should descend to just before the summit bid. Although we did not find that descent altitude significantly affected a climber's chance of success, it is interesting to note that the majority of rest altitudes were between 3800 and 5400 m, with the majority of these at 5400 m, which correlates with Everest Base Camp. The main factor making the data difficult to extrapolate to other climbers and even other climbers on Everest is the small number of subjects, which renders most of the trends statistically insignificant.
One caveat to interpreting these data is the ''third factor'' effect. Because this was a case series study and not a double-blind controlled study, it is easy to demonstrate a correlation, but difficult to demonstrate a cause-andeffect relationship between 2 variables such as use of a particular medication and successful summit. For example, climbers on more affluent sponsored expeditions may have better access to varied nutrition, nutritional supplements, more experienced or multiple guides, or better equipment and training, resulting in their successful ascent; this does not suggest a cause-and-effect relationship between use of a particular medication and summit success.
Conclusions
This study provides a description of interesting characteristics of English-speaking Everest climbers. The analysis of common medications, illnesses, and physical characteristics of Everest climbers will hopefully help future climbers and expeditions with their planning to improve success and decrease morbidity and mortality.
Supplemental oxygen use and no personal history of AMS are clearly correlated with successful summiting. In addition, we have found suggestions that variables such as reports of gastrointestinal illness, other illness, medication use, and previous experience may be corre-lated with success, but a larger sample size is needed to yield meaningful results. Future research focusing on such issues will, we hope, elicit answers to these interesting questions.
